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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the solvent and the recovery approach 
of making it possible to reduce the volume or dissolve and to carry out separation 
recovery of the plastics. 
[0002] 

[Description of the Prior Art] Continuing till recent years, by development of high 
polymer chemistry and its technology, the functions and prices of plastics come to suit a 
user's needs increasingly, and the volume has been increasing to **. In connection with 
it, the amount of disposal of used plastics is also increasing proportionally. Although 
incineration or reclamation is performed, since disposal of used plastics leads to an 
environmental pollution problem and also becomes waste of resource energy as 
simplest approach, a cure is desired. Then, recovery reuse of used plastics is tried and 
processes, such as acquisition of recovery, crushing and pelletizing, recovery, melting 
and pelletizing, recovery, a pyrolysis, and a liquefaction component, tend to be put in 
practical use according to the physical property and use gestalt of plastics. However, by 
these approaches, when plastics reuses according to heat deterioration etc. by the 
case, it is not necessarily the best approach that the problem on quality occurs, or a 
problem is in the usage of a recovery processing acquisition object, or costs start if it 
remains as it is to conveyance since apparent specific gravity, such as foam, is 
remarkable and the plastics is smallness etc. 
[0003] 

[Problem(s) to be Solved by the Invention] This invention offers the recovery approach 
which degradation of the plastics after recovery tends to offer few recovery approaches, 
can dissolve extensive plastics in more detail, and is equipped with the safety on a 
process and handling, and there is little toxicity over the body, and offers the solvent of 
the plastics of low cost or proper cost, uses it, reduces or dissolves plastics, and is 
separated by distillation. Thereby, it is going to aim at reduction of recovery conveyance 
cost, and high quality maintenance of recovery plastics. 
[0004] 

[Means for Solving the Problem] This invention is to choose the solvent of target plastics 
in consideration of the solubility, a boiling range, toxicity, and an ignition explosion risk. 
The solvent which uses as a principal component at least one sort of the dibasic acid 
ester chosen from glutaric-acid dimethyl, adipic-acid dimethyl, and succinic-acid 
dimethyl Namely, polyethylene, Polypropylene, the poly methyl pentene -1, polystyrene, 
a polyvinyl chloride, A polyvinylidene chloride, polyvinyl acetate, polyvinyl alcohol, a 



polyvinyl acetal, The polymethyl vinyl ether, polymethacrylic acid ester, polyacrylic 
ester, Polyacrylic acid, a polyacrylonitrile, polybutadiene, polyisoprene, 
Polychloroprene, polyorganosiloxane, a polyamide, a polycarbonate, Polyester, 
polyimide, polysulfone, a polyphenylene sulfide, Polyether sulphone polyethylene oxide, 
polypropylene oxide, It is rich in solubility to the plastics which uses as a component at 
least one chosen from polyacetal, and if required, it will depend on having found out an 
independent or suitable combination of three sorts of dibasic acid esters concerned, and 
that a required property could be adjusted by the addition of other suitable solvent 
components. It can also carry out using an independent or suitable combination of three 
sorts of dibasic acid esters to plastics [ **** / about solubility ], and the solubility 
parameter system as which Charles M.Hansen advocates the decision of the solvent 
presentation by the addition of other suitable solvent components if required. 
[0005] That is, the dissolution range of specific plastics is drawn as radii on the flat 
surface which makes the X-axis a polar-bond parameter and makes a Y-axis a 
hydrogen bond parameter, and the presentation of a partially aromatic solvent is 
searched for so that the point of expressing the parameter of a partially aromatic solvent 
(solvent presentation) may be settled in the radii, that the toxicity over the explosion risk 
and the body which are predicted on the other hand from the flash point of the glutaric- 
acid dimethyl in this invention, adipic-acid dimethyl, and succinic-acid dimethyl is 
remarkably low, glutaric-acid dimethyl, adipic-acid dimethyl, and succinic-acid dimethyl - 
- ordinary temperature thru/or warming - since the volatility is small and there is 
sometimes little dissipation into the work environment under handling, it is the 
description that it is also desirable also on economical efficiency and work environment. 
[0006] Furthermore, the place by which it is characterized [ of this invention ] is located 
in the place which uses a film evaporator as a means by which distillation separates the 
plastics which should be collected from the solution of the plastics obtained in this way. 
While being able to press down by this the heat history to which plastics is put to the 
minimum, a process can be advanced continuously. Moreover, if it distills under 
reduced pressure, the boiling point of a solvent will descend, plastics will not be put to 
an elevated temperature, heat deterioration will be prevented, but since the solvent of a 
solution, on the other hand, needs to maintain the temperature to which plastics can 
flow also in the condition of having evaporated altogether substantially by distillation, it 
is also the description of this invention to choose whenever [ proper reduced pressure ] 
according to the softening temperature of the plastics currently processed and the 
solvent presentation currently used. 

[0007] As described above, the thing low as much as possible of the temperature of 
processing is desirable, but the melt viscosity of the plastics concerned becomes high, 
so that processing temperature is low. Then, it is also the description of this invention to 
have equipped with the discharge machine whose discharge was enabled also with the 
hyperviscous melting object, the pars basilaris ossis occipitalis, i.e., the plastics 
discharge section, of an evaporator, so that the plastics of the hyperviscosity in the 
condition that the solvent evaporated altogether substantially can be discharged. 
[0008] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail using the 
example shown in drawing. However, the dimension of the component part indicated by 
this example, the quality of the material, a configuration, its relative configuration, etc. 



are not the meaning that limits the range of this invention only to it but only the mere 
examples of explanation, as long as there is no specific publication especially. Since the 
flash point of glutaric-acid dimethyl, adipic-acid dimethyl, and succinic-acid dimethyl . 
promotes the dissolution as well as the handling by ordinary temperature highly with 94 
degrees C, 107 degrees C, and 113 degrees C, respectively, even if it may carry out 
recovery in-process warming of it, it is safe from the field of a fire caused by explosion 
enough. However, when mixed use of the more volatile solvent needs to be carried out, 
it is desirable to mix the matter which lowers the device which adjusts the rate in 
consideration of the flash point, and the flash point. Moreover, about the toxicity of 
glutaric-acid dimethyl, adipic-acid dimethyl, and succinic-acid dimethyl, a low value is 
shown in various toxicity tests, i.e., an acute toxicity test, a mutagen student trial, a 
subacute toxicity test, reproduction study, a growth trial, etc. Although the low toxicity 
component of glutaric-acid dimethyl, adipic-acid dimethyl, and/or succinic-acid dimethyl 
dilutes when mixing with a solvent besides for adjusting solubility etc., it is desirable to 
prepare the mixed rate in consideration of a toxic limitation. 
[0009] In determining the solvent presentation of plastics aiming at recovery, the 
approach by the soluble parameter system of Charles M.Hansen is explained below. 
The plastics concerned is dissolved in the various solvents of soluble parameter known 
at a room temperature with concentration 10%, and solubility is tested. The soluble 
range (solubilityenvelope) of the plastics concerned is drawn on the flat surface which 
took the hydrogen bond parameter along the axis of ordinate, and took the polar-bond 
parameter along the axis of abscissa using this data. Other solvents of parameter 
known are plotted to coincidence at the parameter list of glutaric-acid dimethyl, adipic- 
acid dimethyl, and succinic-acid dimethyl. The parameter range inside the soluble range 
(solubility envelope) is the field of the plastics concerned which can be dissolved. In 
many cases, since glutaric-acid dimethyl, adipic-acid dimethyl, and succinic-acid 
dimethyl are the good solvents of plastics aiming at the recovery in this invention, they 
exist in the soluble range of the plastics concerned (solubility envelope). 
[0010] however, when considering as a partially aromatic solvent with other solvents for 
said reason carried out, the parameter of a partially aromatic solvent serves as a value 
which multiplied the parameter of each solvent by the mixed volumetric fraction, and 
was come out of and applied to it. Therefore, the partially aromatic solvent of arbitration 
should just choose that class and a mixed rate, as the soluble parameter for which it 
asked by this principle is in the soluble range of the plastics concerned (solubility 
envelope). The plastics collected by the above-mentioned approach of this invention 
Polyethylene, Polypropylene, the poly methyl pentene -1 . polystyrene, a polyvinyl 
chloride, A polyvinylidene chloride, polyvinyl acetate, polyvinyl alcohol, a polyvinyl 
acetal, The polymethyl vinyl ether, polymethacrylic acid ester, polyacrylic ester, 
Polyacrylic acid, a polyacrylonitrile, polybutadiene, polyisoprene, Polychloroprene, 
polyorganosiloxane, a polyamide, a polycarbonate, Polyester, polyimide, polysulfone, a 
polyphenylene sulfide, Polyether sulphone, polyethylene oxide, polypropylene oxide, 
and the plastics that uses as a component at least one chosen from polyacetal can be 
raised as an example, and the configuration mode of a component may be 
copolymerization or may be a blend. 

[0011] The polyvinyl acetal said here is the reaction compound of polyvinyl alcohol and 
an aldehyde, and contains poly vinyl butyral. Polymethacrylic acid ester and polyacrylic 



ester are compounds with the structure of the alcoholic ester of polymethacrylic acid 
and polyacrylic acid, respectively, and contain a polymethyl methacrylate and 
polymethylacrylate. Polyorganosiloxane is the compound which the direct alkyl group, 
the vinyl group, or the aryl group combined with the silicon of a siloxane chain, and 
contains poly dimethylsiloxane, a poly methylvinyl siloxane, a poly methylphenyl 
siloxane, and a poly diphenyl siloxane. By amide association, a polyamide is the 
macromolecule-ized compound and contains the aromatic polyamide like nylon 6, Nylon 
11, Nylon 12, Nylon 66, Nylon 46, Nylon 610, Nylon 612 and aliphatic series polyamide [ 
like nylon 112], aliphatic series and aromatic polyamide and p-, or m-xylylene diamine, 
a chlorination terephthalic acid, or a polycondensation object with chlorination iso 
phthloyl. [ like nylon MXD6 ] 

[0012] In a principal chain, a polycarbonate is a polymer with carbonate association and 
contains the polycondensation object of bisphenol A and a phosgene. Polyester is a 
polymer with an ester bond and contains Pori terephthalic-acid ethylene, the Pori 
terephthalic-acid butylene, and poly naphthalene acid ethylene, the polymer with which 
polyimide has imide association in a principal chain - it is - cyclization of 4 and 4- 
diamino diphenyl ether and pyromellitic dianhydride - a polycondensation object is 
included. In a principal chain, polyacetal is a polymer with acetal association and 
contains polyoxymethylene. What kind of form is sufficient as the form of the plastics 
concerned, and it is the debris etc. and is sold to lists, such as a moldings of the shape 
of the shape of the shape of foam and a film, and a sheet, tabular, or a column. 
[0013] Other solvents which add at least one sort of the dibasic acid ester chosen from 
the glutaric-acid dimethyl, adipic-acid dimethyl, and succinic-acid dimethyl which are 
used for this invention to the solvent used as a principal component for the purpose of 
this invention A heptane, Butyl carbitol, an acetone, propylene cull BONETO, an aniline, 
A carbon disulfide, a decalin, methyl isobutyl carbinol, a methanol, Ethylene glycol, 
diethylene-glycol wood ether, dipropylene glycol wood ether, A chlorobenzene, a 
bromobenzene, a FUFURARU aldehyde, methylene dichloride, n-methyl pyrrolidone, 
formaldehyde, formic acid, dipropylene glycol, Methyl isobutyl ketone, dimethyl sulfo 
oxide, a formamide, Dimethylformamide, a dimethyl sulfone, a tetramethylen sulfone, 
Tetramethylen sulfo oxide, a nitrobenzene, diisobutyl ketone. An acetonitrile, 
ethanolamine, isophorone, a cyclohexanol, Toluene, propione nitril, diacetone alcohol, 
isopropanol, n-octanol, ethylenediamine, diethylenetriamine, sym tetrabromoethane, 
Ethanol, a xylene, n-propanol, n-butanol, a phenol, m-cresol, 2-ethylhexanol, ethyl 
acetate, a methyl ethyl ketone, Any limits cannot be found, as long as it can mention a 
cyclohexanone, a BUCHIRORU acetone, 111-trichloroethane, a mineral spirit, etc. as 
an example and the property of the partially aromatic solvent suits the purpose of this 
invention. 

[0014] In this way, after plastics aiming at recovery by this invention carries out removal 
and crushing of impurity if needed, it contacts the solvent of the presentation 
determined by the above, and reduces the volume or dissolves. Reduction or the 
dissolution carries the plastics concerned to a recovery plant, it can also be performed 
there, can be performed to suitable movable dissolver in the abandonment plastics 
birthplace, can reduce the volume, and can also carry it to a plant. When carrying out in 
the abandonment plastics birthplace, it is convenient if you use collection, the 
dissolution, and the truck of the dedication which mounted all related facilities, such as 
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[0017] 

[Example] Next, as an example of this invention, the solvent of recovery of styrene foam 
and the approach of recovery are explained. The test which dissolves the styrene foam 
10 weight section in various kinds of solvent 100 parts by volume of soluble parameter 
known at a room temperature is performed, and the result of Table 1 is obtained. 
[0018] 
Fable 1] 



[0019] this result ~ having - the X-axis - the soluble range of styrene is drawn [ a 
hydrogen bond parameter ] on a graduation **** XY front face for a polar-bond 
parameter like drawing 1 with the parameter of the above-mentioned solvent at a Y- 





axis. The physical properties of an example of the adipic-acid dimethyl which is the 
solvent of this invention, succinic acid dimethyl, glutaric acid methyls, and those mixture 
are as shown in Table 2, these dibasic acid esters and those mixture of the flume gap 
which expresses these soluble parameters to drawing 1 also enter in the soluble 
parameter of styrene, and.it is shown that it is a good solvent. 
[0020] 
[Table 2] 



[0021] In the case of styrene, the mixed rate should just be chosen so that independent 
or the plot in said drawing of the soluble parameter of the partially aromatic solvent 
which can be computed as follows by the case for soluble accommodation, 
accommodation of the boiling point, accommodation of the flash point, or toxic 
accommodation when there is the need of mixing with other solvents although the 
purpose effectiveness of this invention is best attained by the mixed solvent of these 
dibasic acid may come to styrene's dissolution within the limits. That is, in soluble 
PARAME of the dibasic acid solvent of this invention, when xe and the soluble 
parameter of other solvents i are set to di and a volumetric fraction is set to xi, the 
soluble parameter d of a partially aromatic solvent is called [ volumetric fraction / de and 
] for by d=xede+xidi. as long as the plot of the soluble parameter of this partially 
aromatic solvent comes to styrene's in said drawing of styrene dissolution within the 
limits - being concerned - others - the soluble parameter of a solvent - the dissolution 
of styrene - even if out of range, it does not interfere. 

[0022] Subsequently, explanation when actually enforcing the approach of this invention 
in a recovery plant is given among the solvents of this invention using DBE in Table 2, 
referring to drawing 2 . In the condition of having contacted DBE which is one of the 
solvents of this invention, and having reduced [ the volume ] or dissolved, the foam of 
the collected styrene is contained in the container 1 for recycling, and is carried to a 
plant site. At this example, it carried out at 50% as plastics concentration. The contents 
in the container for recycling are supplied to the concentration equalizing tank 2, further, 
add DBE and are prepared by the solution of suitable viscosity to carry out heating 
stirring and form the optimal thickness in the film evaporator of degree process. If the 
solution prepared in this way is in the condition which can be passed easily, is filtered 
with the sufficient result by the filter 3 and also mixes a filter medium with a fine eye in a 



reworked plastic, the fine impurity which influences quality directly will be removed. As 
for the moisture which mixes waste styrene in the phase which carries out the recovery 
dissolution, removing in the next phase is desirable. Although the solvent of this 
invention currently used carries out recycle reuse, it is because it will accumulate, and 
the moisture in a recycle solvent will increase, as a result will come to affect solubility, if 
this dehydration process is lacked. 

[0023] Moreover, it is because it carries out for the purpose of separation with plastics at 
the process of the next thin film distillation a condition [ whenever / reduced pressure / 
which was chosen from the boiling point of the solvent of this invention, and balance 
with the melt viscosity of plastics ], so fractional distillation with water and the solvent of 
this invention is difficult. It ** and the solution concerned introduced into the dehydrator 
4 is dehydrated under proper reduced pressure. Although the solution after dehydration 
was introduced into the thin film evaporation machine 5 which is the approach of this 
invention, in this example, it was @ with temperature [ of an entry / of 80 degrees C ], 
38.5% [ of plastics concentration in a solution ], and a viscosity of 23000poise 85 
degrees C. Said film evaporator keeps jacket temperature at 230 degrees C - 240 
degrees C, and distills a solvent for a pressure under reduced pressure of 40KPa(s). A 
plastics solution becomes film-like, and when it flows down the interior of an evaporator 
and results in the evaporator lower part through the predetermined residence time, 
substantially, all solvents evaporate and serve as hyperviscous plastics melt. By self- 
weight, by the discharge machine 6 by the approach of this invention, the melting 
plastics of a condition with difficult flowing down is discharged compulsorily, borrows 
and extrudes the assistance of a pump, and is already fed to a nozzle 7. Water cooling 
of the plastics extruded in the shape of a rod is carried out immediately, and it is 
solidified. The plastics of the shape of a continuous rod serves as cutting and a pellet by 
the cutter 8. The quality of the obtained polystyrene does not almost have heat 
deterioration, therefore there is also little coloring and a physical characteristic is also 
equal as compared with a new article. 
[0024] 

[Effect of the Invention] As explained with the gestalt of operation, and one example 
above, although the solvent of this invention dissolves synthetic plastics and plastics is 
separated by recovery and after that distillation as a solution, it is most suitable, and it is 
understood that it is what shows the good property which maintained balance about 
solubility, volatility, toxicity, and ignition danger. When combining with the approach of 
this recovery furthermore and using the solvent of this invention, the heat deterioration 
of plastics was prevented, and productivity with high effectiveness was brought to 
coincidence, and the used solvent was also found by that recycle use is the approach 
which was excellent also in economical efficiency, such as ****. 



